conventional analgesia for the prevention of persistent pain 6-12 months after surgery. 18 
Methods

Search, selection, and inclusion criteria
We searched the Cochrane Central Register of Controlled Trials, PubMed, EMBASE, and CINAHL from their inception to May 2012 without any language restriction. We used a combination of free-text search and controlled vocabulary search. We limited results to RCTs using a highly sensitive search strategy. 19 We conducted a hand search in reference lists of included trials, review articles, and conference abstracts. We detailed our methods a priori in a published protocol 20 and published the search strategies elsewhere in detail. 18 Types of studies
We included RCTs. The effects of nerve blocks are obvious to patients and providers; therefore, we accepted single blinding. Blinding of the outcome observer was a prerequisite for inclusion.
Types of participants: we included studies in adults and children undergoing elective surgical procedures. We excluded trauma surgery.
Types of interventions: we included studies comparing local anaesthetics or regional anaesthesia vs conventional pain control. We included all routes of administration of local anaesthetics. We included studies providing regional anaesthesia during any time window in the perioperative period. We excluded studies comparing one regional technique vs another or investigating the effect of timing. Types of comparators: we included studies which used conventional postoperative pain control such as opioids with or without concomitant nonsteroidal anti-inflammatory drugs or adjuvants. Types of outcomes: we studied dichotomous pain outcomes as reported in the studies (pain vs no pain; pain or use of pain medication, or both, vs no pain). We included studies assessing differences in scores based on validated pain scales.
Summary statistic
We chose the odds ratio (OR) as the summary statistic for our dichotomous primary outcome. We reported the ORs with 95% confidence intervals (CIs). We calculated the number needed (NNT) to treat for the subgroups of thoracotomy and breast cancer surgery. 21 
Data extraction
The two authors independently assessed the methodological quality and extracted data in duplicate including on adverse effects using a standard data collection form, revised after a pilot run. 18 The two authors checked and entered the data into the Cochrane Review Manager (RevMan 5.1, The Nordic Cochrane Centre, København, Denmark) computer software. 22 We published a detailed table of characteristics of included studies listing trials design, participants, interventions, and reported outcomes elsewhere. 18 We contacted the study authors about the missing data and reported data inconsistencies in the aforementioned table of included studies. 18 
Assessment of risk of bias
The two authors independently graded the quality of studies based on a checklist of design components. The main categories consisted of randomization, allocation concealment, observer blinding, and dealing with the missing data and are classified as high, low, or unclear risk of bias. We achieved consensus by informal discussion.
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Stratification and assessment of heterogeneity and reporting bias
We grouped studies according to surgical interventions (thoracotomy, limb amputation, breast cancer surgery, laparotomy, and other) instead of pooling across different surgical interventions: each surgical intervention has a different natural historyof chronic pain. 3 We investigated study heterogeneity at the subgroup level using a x 2 test and the calculation of the I 2 statistic. 24 We considered an examination of publication bias using graphical and statistical tests (funnel plot, Egger's test). 25 We combined all groups using regional or local anaesthesia together and compared them against the groups using conventional pain control, if in a study several groups used variable timing of their regional anaesthesia interventions in different arms. For example, if the first study group received a regional anaesthesia intervention before incision and the second study group received it after incision, we pooled the (first and second) groups using local anaesthetics against the (third) control groups not using any local anaesthetics at all (i.e. using only conventional pain control instead).
If the follow-up varied only by weeks to 1 month, we pooled the results, for example data at 24 weeks or at 5 months with data at 6 months.
Data synthesis
We used the inverse-variance approach, adjusting study weights based on the extent of variation among the varying intervention effects. 23 A random-effects model will result in wider CIs for the average intervention effect as it accounts for any potential between-study variance. The result is a more conservative effect estimate. 26 We provide the summary of findings in tables, after the process of GRADE 27 assessment, elsewhere.
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Results
Search
We give an overview of our search in Figure 1 . (Fig. 1) . We included and reviewed manuscripts in several languages other than English, including Danish, 28 Mandarin, 12 Japanese, 29 German, 30 French, 31 32 and Spanish. 33 Three of the five studies included in our data synthesis were published in the non-English literature and hence were less accessible to most clinicians.
11 33 34 Among 144 full-text articles, we identified 23 studies for inclusion (Fig. 1) . We identified six on-going trials listed in detail in the full review. 18 
Included studies
We identified 23 RCTs studying regional anaesthesia or local anaesthetics for the prevention of chronic pain after surgery.
11 13 31 -48 We present an abbreviated table of included studies (Table 1 ) and reported details of the search, selection and on the methodological quality and other characteristics of the included studies elsewhere. 18 We found five large on-going trials on regional anaesthesia for the prevention of chronic pain after surgery, plus one trial likely to report on PPP as a secondary outcome listed in the full review. 18 We found many studies reporting outcomes only at 3 months or 12 weeks and will include these in the next review update possibly using a Bayesian approach to prevent the unit of analysis issues in pooling trials with repeated measures and data collected at disparate follow-ups. 49 50 Excluded studies
We excluded no study for the lack of observer blinding alone. We considered the randomization inadequate in three trials. 28 51 52 One 51 of them would have also been excluded for failing on additional inclusion criteria.
Missing and duplicate data
We estimated that separate articles by the same author with identical participant numbers were reporting in fact on just one single trial and used these data sets only once. 13 14 39 42 53 Despite our best efforts to reach the authors, we were not able to secure suitable or appropriate data for some studies. Preventing chronic postoperative pain 
Regional techniques and surgical interventions
Studies were clustered in broad categories (thoracotomy, limb amputation, breast surgery, laparotomy, and other). For thoracotomy the only regional technique studied was epidural anaesthesia. 11 12 16 Two studies on breast cancer surgery used paravertebral blocks. 13 33 In most other surgical subgroups, regional anaesthesia techniques varied (Table 1) . We pooled the data of 250 participants after thoracotomy and that of 89 women after breast cancer surgery with outcomes at 6 months. Only adults (.18 yr) were studied. Known risk factors for the development of persistent (chronic) pain were not reported, potentially introducing bias. 54 
Methodological quality
We summarized the risk of bias of included studies in Figure 2 . We published a detailed table of risk of bias with justifications for our classifications elsewhere.
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Randomization: Six studies did not detail the process of sequence generation.
11 13 35 36 39 41 Study authors' responses provided additional unpublished information for some studies. 16 33 39 45 Three studies were excluded for pseudorandomization. 28 51 52 Allocation concealment: only eight studies described adequate concealment of allocation. 
Effect of the intervention
Thoracotomy
Our data synthesis ( Fig. 1 : forest plot) of 250 participants in three studies 11 12 16 strongly favoured epidural anaesthesia for thoracotomy with an OR of 0.34 (95% CI 0.19 -0.60) (P¼0.0002). Excluding one study 11 using cryotherapy as the control group did not alter the results. We found no evidence of between-study heterogeneity (I 2 estimate of 0%).
Breast surgery
Our analysis equally favoured paravertebral blocks for breast cancer surgery with an OR of 0.37 (95% CI 0.14-0.94) (P¼0.04) based on two studies 13 33 with 89 participants, when we excluded plastic surgery of the breast 36 and a study with multimodal topical analgesia. 38 Evidence synthesis including also these studies increased the confidence in the effect measure with an OR of 0.42 (95% CI 0.21-0.86) (P¼0.02). For the remaining subgroups and for the later follow-up intervals, the data were too sparse for evidence synthesis. 18 
Limb amputation
We did not pool two studies 40 41 with 67 patients investigating the effect of regional anaesthesia after limb amputation on chronic pain (phantom limb pain) at 6 months. The small number of subjects and the high variance would have resulted in a very large CI; considerable heterogeneity was also suggested by an I 2 estimate of 78%. The interpretation might have been controversial considering the exclusion of two studies in this subgroup for pseudo-randomization. 28 52
Laparotomy
We did not pool data from two studies with data at 6 months on 189 laparotomy patients as an I 2 estimate of 90% suggested marked study heterogeneity. The positive study 44 used adjuvants and comprehensive postoperative nociceptive block, while the inconclusive study 14 used neither adjuvants nor any regional anaesthesia after operation. At 12 months, a single study 44 
Discussion
Clinical heterogeneity among the included RCTs prevented pooling and meta-analysis of outcomes for many surgical subgroups. Outcomes from a total of 250 patients from three RCTs indicated that epidural anaesthesia reduces the risk of PPP 6 months after open thoracotomy (OR 0.34, NNT 4) (Fig. 3 : forest plot) compared with conventional pain control. The effect measures of the three trials were remarkably close and consistent, considering that they were performed in different countries (I 2 ¼0%). At 12 months, one single study 11 reported this outcome in this subgroup and found no evidence of statistically significant effect (OR 0.56). Pooled data from two RCTs on 89 participants suggested that women who received a paravertebral block were less likely to experience PPP after breast cancer surgery than their (Fig. 3: forest plot) . Again the results were similar in the two studies completed in different countries (I 2 ¼0%). The results did not change when we included data from participants who underwent plastic surgery or received a multimodal regional anaesthesia; the effect measures still showed no heterogeneity. We did not pool the two studies 13 31 reporting results 12 months after breast cancer surgery, because we deemed the used regional anaesthesia techniques too different for data synthesis. Outcomes reported 6 and 12 months after other surgical interventions were clinically too heterogeneous to allow pooling, although these data consistently favoured regional anaesthesia.
To our knowledge, this is the first systematic review and meta-analysis investigating the effect of regional anaesthesia for the prevention of chronic pain after surgery. We are unaware of any evidence synthesis that demonstrated long-term benefits of regional anaesthesia several months after surgery. Our encouraging results are in contrast to rather guarded conclusions regarding the effect of regional anaesthesia for the prevention of PPP in previous narrative reviews; 2 3 8 17 three of the five studies included in our data synthesis were not yet available or not referenced by the above, possibly explaining this discrepancy.
12 33
Limitations Participants It is unclear whether our evidence synthesis on the effects of regional anaesthesia for the prevention of PPP can be translated to other patient populations or other surgical interventions. Data on paravertebral blocks for breast cancer surgery do not predict the effectiveness of this block for postthoracotomy pain, for example. Regrettably, the effect of regional anaesthesia for the prevention of PPP has not been studied in children to date. 56 Immediate postoperative pain control is likely an important predictor and a potential confounder or mediator for the development of PPP. (It is at least a risk factor associated with PPP.) 57 Most studies failed to control for this or other risk factors of PPP. Defined at the patient and not at the study level, incorporating these aspects into the analysis would have required an individual patient data meta-analysis or meta-regression. 49 Interventions Different regional anaesthesia techniques may have different effects. We took a cautious approach and synthesized the data in a priori defined surgical subgroups. 20 Within each subgroup, investigators used mostly identical regional anaesthesia techniques and the results were rather homogenous. Of course, this lack of evidence for statistical heterogeneity within the predefined subgroups does not prove that the interventions or populations were homogenous. We hope that our conservative approach will convince sceptics as well that pooling was justified.
Comparator
We compared regional anaesthesia with conventional pain control. Local anaesthetics might be effective in preventing PPP also if administered systemically via i.v. route. 44 58 59 As only one study had such a comparator group, we have insufficient data to comment on this hypothesis. 44 A few studies used adjuvants only in the intervention group. If adjuvants were synergistic, this might have biased the results, but this concern was not germane in the breast cancer and thoracotomy, the only subgroups where we pooled the data. Data were too sparse for meaningful subgroup analysis of the effects of adjuvants or the benefits of continuous vs single-shot nociceptive block.
Outcomes
On one hand, we would have preferred to differentiate between mild, moderate, and severe pain 2 and to synthesize more comprehensive instruments for the assessment of chronic pain to capture all the dimensions of chronic pain. 60 On the other hand, pain or no pain is an easily comprehensible dichotomy for providers and patients. (Only) binary outcomes were reported in most studies and the data synthesis of continuous with dichotomous outcomes would have been challenging with classical statistical methods, 49 61 especially as they often measure different aspects of the human pain experience. 60 Mild chronic pain can severely interfere with daily life. 3 4 Hence, its prevention is warranted especially in young healthy individuals after minor elective procedure like vasectomy, 46 Caesarean section, 45 or iliac crest bone graft harvesting. 53 Analogous to responder analysis, promoted for the analysis of chronic pain trials, 62 a binary outcome is a reasonable choice to investigate the prevention of PPP by regional anaesthesia. 63 Inconsistent and anecdotal reporting of adverse effects precluded a data synthesis of the risks of regional anaesthesia. Registries and large observational studies seem better suited to investigate the (rather rare) permanent neurological damage after regional anaesthesia. 64 65 
Study design
The included studies were mostly of intermediate methodological quality. Our methodological summary overview details the important limitations for each study in each risk of bias category, as judged by the authors (Fig. 2) . Participant blinding was difficult considering the nature of regional anaesthesia. Clearly, performance bias may weaken the conclusions we drew in our review, considering that the placebo effect seems especially important for pain outcomes. Flaws in allocation concealment weaken our conclusions considerably. 66 Attrition and incomplete outcome data equally dampen our confidence in the results. 67 Our conclusions are weakened by the small number of included studies and patients. 68 Review process and statistical model Studies reported their primary outcomes, arguing against reporting bias, except for adverse effects which were consistently underreported. Our inability to obtain and include all outcome data might have led to publication bias. 18 The small number of included studies prevented us from attempting a formal analysis: a funnel plot or the test proposed by Egger is meaningful only when .10 studies are displayed. 25 A sensitivity analysis suggested that our model and statistical assumptions did not influence the results. 67 Future studies
The effects of regional anaesthesia on PPP in children should be investigated by RCTs. We ought to study the synergistic effect adjuvant medications might afford in the prevention of PPP. Besides comparing the regional anaesthesia with a conventional pain control, studies could consider to include an i.v. local anaesthetic control group to confirm or refute the hypothesis that i.v. local anaesthetics are equally effective, while much easier to administer. 44 58 59 Studies should report dichotomous pain outcomes, elicit analgesic consumption, and use comprehensive pain assessment instruments. 60 The assessment of baseline pain before surgery is imperative, in particular, for limb amputation. 28 Risk factors should be elicited and reported separately for each group. 
Conclusions
We recommend epidural anaesthesia for patients undergoing open thoracotomy and paravertebral blocks for women undergoing breast cancer surgery for risk reduction of PPP 6 months after surgery. Chronic pain after surgery, devastating and difficult to treat, could be prevented in one patient out of every four to five patients treated. Different studies conducted in various institutions on different continents were remarkably homogenous and consistent in their estimates of the effect measure (I 2 ¼0%) and our findings are robust to sensitivity analysis and model assumptions. We caution that these conclusions cannot be extrapolated to other surgical interventions or regional anaesthesia techniques. Small numbers, performance bias, attrition, and incomplete outcome data especially at 12 months weaken our conclusions significantly. 68 Our results showcase a pervasive pattern of PPP in most of the surgical specialties and suggest that regional anaesthesia can potentially reduce this risk after many different surgical interventions.
